Objective: The present study examined health and physical performance as mediators of the association between driving cessation and mortality among older residents of small and large cities. Method: Participants (N = 2,793) were from the Advanced Cognitive Training for Independent and Vital Elderly (ACTIVE) study. Participants' driving status and health were measured at baseline, and mortality rates were observed across the subsequent 5 years. Results: Overall, mortality risk was 1.68 times higher for nondrivers versus drivers; this relationship was significantly mediated by physical performance and social, physical, and general health. For large-city residents, mediation effects for all mediators were significant and complete. For small-city residents, only physical and general health were significant mediators, and these effects were partial.
. Research has shown that older adults from small cities and rural areas tend to continue driving despite health difficulties (Hanson & Hildebrand, 2011; Johnson, 2002) , because they view driving cessation as a last resort due to the limited opportunities to access the community (Hanson & Hildebrand, 2011; Johnson, 1998; Lee et al., 2011) . Therefore, for older adults in less populous regions, health and physical performance may not completely mediate the association between driving cessation and mortality, indicating a direct connection between the latter two variables. However, further research is needed. The present study offered the unique opportunity to investigate differential effects of driving status in small and large cities as related to mortality.
In the current study, we examined whether an association between driving cessation and mortality was evident across a 5-year time period among older adults residing in six U.S. locations. Furthermore, we examined whether such an association was completely or partially mediated by physical performance or self-reported health, and whether these relationships varied by community size. We hypothesized that health and physical performance indicators would significantly mediate the association between driving status and mortality for the overall sample, as well as the residents of large cities.
Design and Method

Participants and Procedure
The present study used data from the multisite Advanced Cognitive Training for Independent and Vital Elderly (ACTIVE) clinical trial (Jobe et al., 2001; Tennstedt et al., 2010) . The ACTIVE study investigated the impact of three cognitive training interventions (memory, reasoning, and speed of processing) on the cognitive and everyday functioning of older adults across a 5-year period. Participants were community-dwelling adults aged 65 and older with relatively good health, no communicative difficulties, and no evidence of advanced cognitive decline (Mini-Mental State Examination [MMSE] score ≥ 23). These individuals were recruited from six sites: Detroit, Michigan; Boston, Massachusetts; Baltimore, Maryland; Indianapolis, Indiana; State College, Pennsylvania; and Birmingham, Alabama. First, participants completed in-person screening and baseline visits during which mobility questionnaires and tests of cognitive and functional abilities were administered. Participants were then randomly assigned to a no-contact control group or one of the three cognitive training groups; a total of 2,802 individuals were randomized. Annual follow-up assessments were conducted 1 year, 2 years, 3 years, and 5 years after the baseline assessment.
Only participants who reported their driving status at baseline were included in the present analyses (N = 2,793). These participants were mostly women (75.80%) and either White (72.60%) or African American (26.00%). The average baseline age was 73.62 years (SD = 5.90), and years of education ranged from 4 to 20 (M = 13.52, SD = 2.70). A total of 695 participants were in the control group, and 2,098 participants were in one of the cognitive training groups. By the 5-year follow-up assessment, 244 participants (8.73% of the sample) were confirmed as deceased. An additional 690 participants had dropped out of the study for other reasons, including refusal or inability to return (n = 459), deactivation by study personnel (n = 208), and family not wanting the participant to continue (n = 23).
Measures
Driving status. Driving status was ascertained via the Driving Habits Questionnaire (DHQ), an 18-item measure of driving behaviors (Owsley, Stalvey, Wells, & Sloane, 1999; Stalvey, Owsley, Sloane, & Ball, 1999) . Current drivers were defined as "someone who has driven a vehicle within the past 12 months and would do so today if needed." A total of 400 participants (14.30% of the sample) reported being nondrivers at baseline. Of these individuals, 252 were former drivers who ceased driving before the baseline assessment and 148 reported never driving a vehicle. We used the Mann-Whitney U test to compare former drivers with those who never drove on our outcome of interest. The two groups did not differ in terms of time to death or time in the study, p = .38, so they were combined in all statistical analyses. This same procedure was used in .
Physical performance. The Turn 360 Test, a measure of balance, was used to assess physical performance (Steinhagen-Thiessen & Borchelt, 1999) . For this task, participants were asked to turn in two complete circles. The number of steps required to complete each circle was recorded, and the average number of steps for both circles was used in the analyses. Fewer steps indicated better physical performance.
Health. Four out of the eight subscales on the Short Form Health Survey (SF-36) questionnaire were used to assess health: Physical Role, Physical Functioning, Social Functioning, and General Health (Ware & Sherbourne, 1992) . The physical role subscale indicated how often participants experienced problems with work or daily activities as a result of their physical health, whereas the physical functioning subscale measured the extent to which participants were limited in their physical activities due to their health. The effects that physical or emotional difficulties had on social activities was measured by the social functioning composite, whereas the General Health subscale reflected the participants' ratings of their general health compared with others and with regard to expectations for the future. Each of the four subscales ranged from 0 to 100, with higher scores indicating better health and functioning. These subscales were analyzed as separate variables, as they were in Edwards, Lunsman, and colleagues (2009) .
Self-rated health. Participants rated their overall health status on a 5-point Likert-type scale ranging from excellent (1) to poor (5).
Study location.
A dichotomous variable was created for study location, "large cities" (Detroit, Boston, Baltimore, and Indianapolis) and "small cities" (State College and Birmingham). In 2009, the large cities had more than 600,000 inhabitants each and comprehensive public transit systems. By contrast, the small cities had less than 250,000 inhabitants each and comparably fewer alternative transportation options (American Public Transportation Association, 2011; Thomas, 2010) . A total of 1,813 participants lived in or near large cities, and 980 participants lived in or near small cities.
Statistical Analyses
Data analyses were performed using SAS 9.3. For each deceased individual, time to death was calculated as the number of months from the baseline assessment to the date of death. The exact dates of death were unavailable for 34 individuals, so death dates for each of these participants were estimated as the midpoint between their last study visit and the date they were confirmed deceased by study personnel. Participants who were not confirmed deceased were right censored, and their time in the study was measured as the months between their baseline and final study visits. Continuous variables were converted to z-scores.
Multivariate analysis of variance (MANOVA) and chi-square tests were used to examine whether there were baseline differences between decedents and survivors in terms of age, sex, years of education, race (dichotomized as Whites vs. Other), study location, cognitive training group (dichotomized as no training vs. any training), SF-36 Physical Role, SF-36 Physical Functioning, SF-36 Social Functioning, SF-36 General Health, self-rated health, and Turn 360 Test performance.
To test our hypotheses, we calculated coefficients for a series of models in which each indicator as measured at baseline (the four SF-36 subscales, selfrated health, and Turn 360 performance) was examined a single mediator.
Baseline age, sex, years of education, race, and cognitive training participation were included in all models as covariates, comparable with what was done in Edwards, Lunsman, and colleagues (2009) . Models were based on the following three equations:
(1)
In these equations, the i variables are intercepts, Y is the hazard function for time to death, X is the predictor, M is the mediator, t is the coefficient between X and Y, t' is the coefficient between X and Y adjusted for M, b is the coefficient between M and Y adjusted for X, a is the coefficient between X and M, and the e variables are residuals.
A Cox proportional hazard model was first conducted to examine the effect of baseline driving status on time to death, or the t path in Equation 2. Next, ordinary least squares regression models were conducted to examine the effect of driving status as a predictor of each potential mediator; these models yielded coefficients corresponding to the a path in Equation 1. Finally, Cox proportional hazard models were conducted that included driving status and each baseline potential mediator as predictors of time to death; these models provided estimates for the b and t' paths in Equation 3.
To examine the appropriateness of using time-on-study as the time scale, we plotted the cumulative baseline hazard function against age for the entire sample and generated a corresponding Quantile Quantile (QQ) plot. The baseline hazard appeared to be an exponential function of age, suggesting that the time scale and adjustment for age were adequate in our models (Thiébaut & Bénichou, 2004) . To test the proportional hazard assumptions underlying the Cox models, interactions between the log of survival time and all predictors and covariates were included in the models. None of the interactions were significant at p < .05, indicating that the proportionality assumption was satisfied for each variable.
For the current article, complete and partial mediation were defined as follows. In complete mediation, the t coefficient is significant, but the t' coefficient is not. A strict definition of complete mediation would require t' to be zero. In partial mediation, the path from X to Y is reduced in absolute size when M is introduced but is still significant (Baron & Kenny, 1986) . The amount of mediation is traditionally tested in two ways, as the difference of coefficients (t -t') or the product of coefficients (ab). Previous studies have indicated that these two methods do not yield equivalent results with binary dependent variables or censored data (Fritz & MacKinnon, 2007; MacKinnon & Dwyer, 1993; MacKinnon, Lockwood, Brown, Wang, & Hoffman, 2007; MacKinnon, Warsi, & Dwyer, 1995; Sun, 2010) . In such cases, the product of coefficients method with asymmetric confidence limits appears to yield the most reliable estimates (Sun, 2010) .
For the current study, we tested the significance of mediation effects via a program called PRODCLIN (distribution of the PRODuct Confidence Limits for Indirect effects), which has been used in prior research on mediation in survival analysis (Fritz & MacKinnon, 2007; MacKinnon, Lockwood, & Hoffman, 1998; Sun, 2010) . This program calculates the product of coefficients, along with its corresponding standard error and 95% asymmetric confidence limits. Significant mediation effects are indicated when the confidence interval does not include zero.
We ran each series of models and PRODCLIN tests separately for the entire sample, participants from large cities, and participants from small cities. Together, our analyses determined whether a significant relationship between driving status and time to death could be completely, or partially, explained, through health status or physical performance.
Results
Descriptive Statistics
By survival status. Descriptive statistics of the study sample by survival status and location are shown in Table 1 . Chi-square tests revealed that compared with survivors, decedents were more often male, χ 2 (1) = 28.38, p < .001, White, χ 2 (1) = 5.60, p = .01, and nondrivers at baseline, χ 2 (1) = 8.30, p < .01. A MANOVA, F(8, 2648) = 15.73, Wilks's λ = 0.96, p < .01, and subsequent univariate tests showed that decedents were significantly older, F(1, 2655) = 57.82, p < .001, and had poorer scores on all baseline health measures relative to survivors (ps < .001). Cognitive training participation, years of education, and study location did not significantly differ between groups. A specific cause of death was provided for 108 of the 244 decedents; the majority of deaths were due to cancer (40%), heart disease (38%), or another disease process (15%), as opposed to accidents (7%).
By study location. Relative to participants from large cities, participants from small cities were more often male, χ 2 (1) = 6.32, p < .01, White, χ 2 (1) = 288.80, p < .01, and drivers at baseline, χ 2 (1) = 7.60, p < .01 (see Table 1 ). A MANOVA, F(8, 2648) = 13.70, Wilks's λ = 0.96, p < .01, and univariate tests revealed that participants from small cities were significantly younger, F(1, 2655) = 13.53, p < .01, and less educated, F(1, 2655) = 46.27, p < .01, than those from large cities. Small-city residents also reported better physical functioning, F(1, 2655) = 11.03, p < .01, but had worse Turn 360 performance, F(1, 2655) = 6.82, p = .01. The following variables did not significantly differ by study location: SF-36 General Health, SF-36 Social Functioning, SF-36 Physical Role, self-rated health, or participation in cognitive training.
Outcome correlations. Table 2 displays bivariate correlations between the baseline health and physical performance indicators for the entire sample. All correlations were below .70, with the exception of the correlation between SF-36 General Health and self-rated health, which was -.77. Due to the multicollinearity between these two variables, the decision was made to combine them into a general health composite by scoring them in the same direction, standardizing them, and summing them. This composite score was used in subsequent analyses.
Mediation Analysis Models
Entire sample. In the base Cox proportional hazard model, driving status, age, and sex were significant predictors of time to death, whereas education, cognitive training group, and race were not (Table 3) . Older age, male sex, and being a nondriver were associated with significantly higher odds of dying over the 5-year study period (ps < .01). The same set of predictors was regressed on each of the five health indicators, and results pertaining to driving status are displayed in Table 4 .
Driving status significantly predicted all the health and physical performance variables, such that being a nondriver was associated with poorer scores on SF-36 Physical Role, SF-36 Physical Functioning, SF-36 Social Functioning, the general health composite, and Turn 360 performance (ps < .01). Of the covariates, only cognitive training group was not associated with any of the health variables. Thus, cognitive training group was not included in subsequent Cox models. Table 5 presents the simultaneous effects of driving status and the health and Turn 360 variables (mediators) on time to death after adjusting for the same covariates as the base model (except cognitive training group). Each indicator significantly predicted time to death, such that participants with poorer health had higher odds of dying (ps < .01). Driving status remained a significant predictor in the models with the SF-36 subscales (ps < .05), but was no longer significant in the models with the general health composite and Turn 360 performance.
Finally, tests of the mediation effects using the product of coefficients method are presented in Table 6 . Parameter estimates (a, b) and standard errors calculated from the models presented in Tables 4 and 5 were entered into the PRODCLIN program, which calculated 95% asymmetric confidence intervals for the mediation effect ab. None of the confidence intervals included zero, thereby indicating that each of the health and physical performance variables had significant mediation effects on the relationship between driving status and mortality. The general health composite and Turn 360 performance acted as complete mediators, because including these variables rendered the path between driving status and mortality nonsignificant.
Large cities. When the sample was limited to participants from large cities, driving status, age, and sex were again significant predictors of driving status in the base Cox model (Table 3) . Driving status was also a significant predictor of health and physical performance indicator (Table 4 ). In the models that examined the simultaneous effects of driving status, health, and physical performance on time to death, each of the health indicators was significant, as was Turn 360 performance. However, driving status was no longer significant in any of the models (Table 5 ). PRODCLIN tests confirmed that the mediation effects for each health and physical performance variable were significant (Table 6) ; therefore, for this subset of participants, all mediation effects appeared to be complete.
Small cities. When only participants from small cities were examined, driving status, age, and sex remained significant in the base Cox model (Table 3) .
Driving status significantly predicted SF-36 Physical Functioning, the general health composite, and Turn 360 performance in the regression models but did not predict SF-36 Physical Role or SF-36 Social Functioning (Table 4 ). In the simultaneous models, Turn 360 performance was not significantly associated with time to death, but all of the health variables were significant. The effect of driving status on time to death remained significant in each of these models (Table 5 ). PRODCLIN tests revealed that only SF-36 Physical Functioning and the general health composite had significant mediation effects, and these effects were partial.
Discussion
The present study examined the association between driving status and mortality, as well as potential mediators of this relationship among communitydwelling older adults across 5 years. In the entire sample, nondrivers were 1.68 (95% confidence interval [CI] = [1.20, 2.34]) times more likely to die during the subsequent 5 years relative to drivers, above and beyond demographic factors (Table 3) . As hypothesized, indicators of health and physical performance significantly mediated the association between driving status and mortality. In the overall sample, mediation effects were partial for the SF-36 measures and complete for general health and physical performance. Previous research has shown that Turn 360 performance and general health decline at the transition to driving cessation, which may explain why these variables acted as complete mediators in the current study (Edwards, Lunsman, et al., 2009) . The present findings suggest that, in general, the relationship between driving cessation and mortality can be attributed to declines in health and physical performance. Nondriving status may be a marker of the declining health that precedes death and may even exacerbate such health declines.
Whereas the current study found that nondrivers were initially 1.68 times more likely to die than drivers, Edwards, Perkins, and colleagues (2009) found that drivers were 4.15 (95% CI = [2.37, 9.96]) to 6.51 (95% CI = [3.06, 12.21]) times more likely to die. These discrepancies may have been due to the differences in sample characteristics. Edwards, Perkins, and colleagues (2009) used data from the Staying Keen in Later Life (SKILL) study in which participants were initially lower functioning and less healthy relative to ACTIVE participants. SKILL participants also resided in the southeastern United States, where nondrivers are among the most isolated in the country due to lack of transportation options (White et al., 2010) . These reasons may explain why nondrivers in the SKILL study had greater probabilities of death than the individuals observed in the present analyses. Nondrivers in the current study were 2.09 (95% CI = [1.14, 3.84]) times more likely to die than drivers if they were from small cities, but 1.51 (95% CI = [1.02, 2.26]) times more likely to die if they were from large cities ( Table 3 ). The participants from small cities were more comparable with SKILL participants in terms of residence characteristics.
The current study was not only the first to examine the mediators of the relationship between driving cessation and mortality but also the first to examine whether that relationship differed by residential environment. As hypothesized, the mediation effects for the health variables, as well as Turn 360 performance, were significant for residents of large cities. Indeed, all the mediation effects were complete; no significant direct path between driving status and mortality remained after the SF-36 health variables, the general health composite, and Turn 360 performance were entered into the equations. Whereas driving status was strongly linked to health for large-city residents, this was not the case for residents of small cities. For these participants, none of the mediation effects were complete, and SF-36 Physical Functioning and General Health were the only significant partial mediators. Thus, health factors were relevant, but driving status had a direct effect on mortality that did not operate through health or physical performance.
Potential explanations for the lack of health influences on the drivingmortality association among small-city drivers include the following. First, drivers from small cities and the surrounding rural areas may continue driving even after their health declines, because it is the only way they can get access to services (Hanson & Hildebrand, 2011; Johnson, 1998 Johnson, , 2002 . Smaller cities tend to have fewer alternative transportation options relative to larger cities, so driving cessation may be a last resort for small-city residents. Second, driving may be essential for the maintenance of health, quality of life, and social interaction among older drivers from rural areas, given the isolation experienced by rural nondrivers (Hildebrand, Myrick, & Creed, 2000; Lee et al., 2011) . Thus, nondrivers from less populous areas may be particularly vulnerable to declines in their quality of life following driving cessation, which may increase their mortality risk.
Causal relationships between driving status, health, and mortality are difficult to distinguish given that the health difficulties that precipitate mortality also affect the decision to drive (Adler & Rottunda, 2006; Dellinger et al., 2001; Donorfio et al., 2009; Jette & Branch, 1992) . Ideally, a large sample of older adults would be followed before and after driving cessation, and changes to their health and mortality risks would be assessed dynamically. Currently available datasets do not permit such analyses, as follow-up intervals are too short to yield sufficient numbers of individuals who cease driving and then die during the studies. In ACTIVE, just nine participants ceased driving and died between the baseline and last annual assessments. However, the current study does support some causal inferences. Edwards, Lunsman, et al. (2009) established temporal precedence for driving cessation by showing that it accompanies and precedes declines in health. Because participants in the current study stopped driving prior to the baseline assessment, their baseline health and physical performance scores would have reflected any declines that had accompanied or followed driving cessation; the median length of time since driving cessation for nondrivers was 8 years. Future studies could build on the current study by examining time-varying relationships between driving status, health, and mortality risk as data become available for doing so.
We acknowledge other limitations of the present study as well. With the exception of physical performance, health was measured via self-report in ACTIVE. Although the SF-36 questionnaire and self-rated health item are valid and commonly used with older adults, future analyses should include more objective measures of health as well. We also lacked information regarding participants' use of alternative transportation methods and the availability of transportation support. Researchers should continue to explore the complex relationships between the need for transportation, the use of transportation, and the availability of transportation among older adults (Choi, Adams, & Kahana, 2012) . In addition, ACTIVE participants did not include residents of small towns with populations of less than 10,000, so the current findings for small cities may represent conservative estimates of the association between driving and mortality in rural areas. The current findings may also not generalize to older adults with major functional impairments who are not community-dwelling.
Finally, the majority of data on driving cessation come from the United States. In countries with comprehensive public transportation systems and commonly used alternative methods of transportation, such as cycling, driving may be less important for older adults' health and well-being (Hakamies-Blomqvist & Peters, 2000) . More international studies are needed, especially because the percentage of older drivers has increased in Europe and other developed countries (Sivak & Schoettle, 2012) .
In conclusion, a substantial portion of the association between driving status and mortality can be accounted for by health and physical performance. The current study and prior evidence (Edwards, Lunsman, et al., 2009; suggest that being a nondriver may increase mortality risk by exacerbating already-declining health and physical performance. For nondrivers from large cities, health and physical performance account for the relationship between driving cessation and mortality. However, for nondrivers from small cities with fewer alternative transportation options, there appears to be a direct link between driving cessation and mortality that cannot be explained by health. Therefore, we offer evidence that individuals, families, health professionals, and the larger community need to identify ways to counteract the negative outcomes associated with driving cessation and declining health, while more research is needed within small (and possibly rural) cities on the relationship between driving cessation and mortality. The present findings underscore the importance of driving in
